The association between nitrogen-fixing bacteria from the genus Azospiriliwm and the grasses Zea mays and Setaria italica was investigated in sterilized Leonard-jar assemblies. Nitrogen-fLxing bacteria isolated from Cynodon dactylon roots in Israel and Azospirilhun brasikns and Cd) were examined. C2H2 reduction activity was detected in systems containing 0.0 to 0.06 but not in those containing 0.16 gram per liter NH4NO3. The organisms tested signiflcantly increased plant dry weight (50-100%), total N content of leaves (50-100%) and C2H4 production (300-1000 nanomoles C2H4 per plant per hour). Highest C2H2 reduction activities were obtained above 30 C and with high ight intensities. Signiffcant increases in S. itaoica dry weight (DW) and nitrogen (N) content were observed in sand (DW -80%, N -150%), sandy loam soil (DW -80%, N = 75%) and loess (DW -37%, N = 25%). The results obtained in this work clearly demonstrate the potential benefit of inoculating grasses with AzospiriUunm
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The potential benefit for grasses associated with nitrogen-fixing Azospirillum has received considerable attention (7) . So far, few studies have shown clear evidence that, in this association, the bacteria supplied significant amounts of combined N to the plant and thereby increased growth (3) . Nitrogen fixation in grasses associated with Azospirillum has been investigated mainly in detached roots or in soil cores containing the roots (7, 11) . Under these conditions, C2H2 reduction tests probably have overestimated the actual activity in situ (2, 8) . On the other hand, much lower activities have been reported in intact systems (1, 2, 1 1). One of the main problems encountered when working with Azospirillum in growth chambers has been cross-contamination of the controls (1) .
Here, the association between different strains of Azospirillum with maize and Setaria has been studied under different controlled environmental and soil conditions in sterilized systems (Leonardjar assemblies).
MATERIALS AND METHODS
Azospirillum brasilense ATCC 29145 (Sp-7, Sp-80) ( Crone's N-free solution supplemented with NH4NO3 (0.0-0.16 g/l) and microelements (6) was used as the nutrient solution. Each assembly was inoculated with I ml bacterial suspension. Autoclaved aliquots of the same suspension were added to the controls. Unless otherwise stated, in all experiments the plants were grown for 5 to 6 weeks in a Phytotron at the Faculty of Agriculture, Rehovot, at 27 C day and 22 C night in long days (16 h) obtained by extending the natural day length with incandescent illumination (6 1sE m-2 s-' at plant level).
The systems were closed with a plastic cover and tightly sealed with plasticine, including the area surrounding the stems. C2H2 was added to the enclosed root system to a final concentration of 12% (v/v), and the C2H4 produced was determined after 24 h by gas chromatography with a flame ionization detector (4 (Table II) . No significant differences were observed among strains in the numbers of Azospirillum cells closely associated with the maize roots. Neither Azospirillum nor C2H2 reduction could be detected in the controls (inoculated with killed Azospirillum) after 5 weeks of plant growth (Table II) .
Significant increases in total dry weight of maize were obtained with A. brasilense Sp-7. The increases observed with Sp-80, Cd-1, and Cd were not significant. With S. italica, significant increases in C2H2 reduction rates, total dry weight, and total N content of the plants were obtained after inoculation with Sp-7. Increases obtained with the other Azospirillum strains tested (Table III) were not statistically significant.
Two similar experiments with maize and Setaria were performed during the months of May to July, when higher light intensities prevail in Israel; the strains used were the local strain Cd-l and strain Sp-7 which had been found to be the most effective in nitrogen fixation. In maize, there was vigorous C2H2 reduction, and significant increases in dry weight of roots and shoots and in total N content were obtained both with Sp-7 and CD-1 relative to uninoculated controls (Table IV) . After the C2H2 reduction assay, the active systems were opened and, 1 week later, half of the systems were placed at 32/27 C and half at 17/12 C. Systems inoculated with Sp-7 and Cd-1 showed C2H2 reduction rates significantly higher at 32/27 than at 17/12 C (Sp-7: 348 versus 184; Cd-1: 354 versus 155 nmol C2H4/h-plant).
The summer experiments with S. italica were carried out at 32/ 27 C. The increase in dry weight of plants inoculated with Sp-7 and Cd-I reached 80 and 71%, respectively, and the total N content of shoots was increased by 1 8 and 1 5% compared to the uninoculated controls (Table V) .
Nitrogen Fixation as Affected by Soil Type. S. italica inoculated with A. brasilense Sp-7 was grown in washed quartz sand, sandy loam soil from Rehovot, and loess from the Negev during the summer (August to September). The plants were grown at 32/27 C.
Inoculation enhanced plant elongation in each type of soil and increased leaf, internode, and influorescence length compared to the noninoculated controls (Table VI) . Inoculated plants in all three types of soil showed very high C2H2 reduction rates in situ (Table VII) and significant increases of root and shoot dry weight, per cent N, and total N content of shoots (Table VII) . The (Tables IV, V , and VII), as compared to experiments carried out in the winter (Tables II and III) , may be attributed to higher light intensities. Higher activities also were obtained above 30 C.
Incorporation into plant leaves of N originating from biological N2 fixation in the grass-Azospirillum association has been demonstrated with "5N2 (7) .
It has been demonstrated (10) that, in the A. brasilense-Pennisetum association, there was increased growth of Pennisetum resulting from bacterial production of plant hormones. However, no C2H2 reduction was detected. The production of substantial amounts of C2H4 from C2H2 in Azospirillum-inoculated 5-weekold plants has been demonstrated; concomitantly, there was a significant increase in total N content of the plants. However, the C2H2 reduction rates measured in this work were carried out only once at the end of the experiment and could not be extrapolated 748 COHEN ET AL. to the actual amount of N gained by the inoculated plants.
Thus, Azospirillum associated with the roots of grasses may benefit the plant both by producing growth hormones (10) and by nitrogen fixation, particularly at later stages of growth when the plant's need for N increases during flowering and seed formation (7). Significant increases in dry weight of Pennisetum and Panicum have been reported in field experiments with medium-level N fertilization (9) , and the results presented here also indicate that A zospirillum-grass associations work best with modest initial levels of combined N in the soil.
In maize with 0.16 g NH4NO3/A, there was no C2H2 reduction or significant increase in dry weight (Table I) . However, in Setaria in loess soil (Table VII) with a high initial N content, there were high rates of C2H2 reduction and significant increases in dry weight and N content of the plants.
This discrepancy could be explained by the fact that maize was grown at suboptimal light intensities and at lower temperatures, whereas Setaria in loess was grown at higher temperatures, and the plants developed under more nearly optimal conditions. Thus, the combined N in the system was probably depleted earlier by Setaria, and C2H2 reduction was measured when bacteria on the developed root system was actively fixing N2.
This work clearly indicates the benefit of inoculating grasses with Azospirillum. Inoculation experiments under field conditions with other types of grasses are currently under study.
